We present 15 models of galactic chemical evolution for NGC 6822. All of them match presentday photometric properties and the star formation history of this galaxy. The dark halo mass in all models evolves according to the mass assembly history predicted by a ΛCDM cosmology. We model the evolution of the baryonic mass aggregation history in this cosmological context assuming that part of the gas available for accretion never falls into the system due to two different physical processes. For seven models we assume that during accretion the universal baryon fraction is reduced by reionization only. The best model of this first group, a complex model with an early feedback, fits the observed gaseous mass, and the O/H, C/O, and Fe/O present-day values. This model requires a lower upper mass limit for the IMF than that of the solar vicinity, in agreement with recent results by other authors. We have also computed eight models where, in addition to reionization, the accreted baryon fraction is reduced by large-scale shock heating. The best model of this series can marginally fit the gaseous mass and the O/H and C/O observed values.
Introduction
The main aim of this paper is to produce chemical evolution models of the irregular galaxy NGC 6822. These models will be used to look for consistency with the cosmological context of galaxy formation as well as to study the possible presence of outflows from this object to the intergalactic medium.
In the field of chemical evolution often it is argued that a model for a given galaxy is far from being unique. In this paper we use as many observational constraints as possible to try to obtain a robust model with the idea of getting closer to a unique solution. The constraints used include: gas mass, chemical abundances, integrated colors, and a star formation history derived from observations. On the other hand the models used a gas in-fall history derived from the hierarchical standard ΛCDM cosmology. The models also used the IMF and the yields that reproduce the chemical evolution of the solar neighborhood and the Galactic disk (Carigi et al. 2005) .
NGC 6822 is particularly suited for chemical evolution models because its star formation history is well known (Wyder 2001 (Wyder , 2003 , its present chemical composition might permit to decide if outflows to the intergalactic medium have been produced by this galaxy. NGC 6822, unlike the Magellanic Clouds, has not lost a significant amount of mass due to tidal effects.
NGC 6822 is a member of the local group that apparently has not been affected by tidal effects from the Milky Way or M31 (Sawa & Fujimoto 2005) . There has been no recent interaction between NGC 6822 and these two galaxies because: i) NGC 6822 is located 495 kpc away from our Galaxy and is receding from it at a radial velocity of 44 km s −1 (e.g. Trimble 2000) , and ii) NGC 6822 is also located at 880 kpc from M31, it is separated from M31 by more than 90 degrees in the sky, and M31 is approaching our Galaxy at 121 km s −1 (Trimble 2000) .
An open problem in the study of the chemical evolution of irregular galaxies is the cause of the difference between the observed effective oxygen yield and the oxygen yield predicted by closed box chemical evolution models. One solution to this problem might be due to the presence of O-rich galactic outflows (e.g. Garnett 2002) . Another solution might be due to the presence of dark matter (e.g. Carigi et al. 1999) .
The importance of outflows to the intergalactic medium from nearby irregular galaxies depends on many factors, like their total mass, the distribution in time and space of their star formation, and the presence of tidal effects (e.g. Legrand et al. 2001; Tenorio-Tagle et al. 2003; Martin 2003; Fragile et al. 2004; Fujita et al. 2004, and references therein) .
In most galaxy chemical evolution models the infall of gas of primordial composition is modeled assuming a parametric form (e.g., Lanfranchi & Matteucci 2003) . Here we will take a cosmological approach: the rate at which gas is accreted by the galaxy will depend on how the mass, dark and baryonic, falls into the galaxy (the mass as-sembly history, MAH), and the reionization history of the universe. The MAH in turn depends on the assumed cosmology and the total mass of the galaxy (e.g., Avila-Reese et al. 1998; van den Bosch 2002) . For a halo of a given mass, there is an ensamble of possible MAHs. In this paper we will take the mean MAH (defined in section 3.3) as representative of the MAH of NGC 6822. Before the epoch of reionization, the history of the infalling gas is simply related by a constant to the MAH, afterwards the amount of gas accreted by the galaxy will depend on how fast the mass of the dark halo and the filtering mass grow with time (Gnedin 2000; Kravtsov, Gnedin, & Klypin 2004) . We will assume also that the gas infalling history is not altered by processes such as ram pressure or tidal striping. These assumptions are supported by the absence of warm-hot gas associated to the Local Group and by the fact that this galaxy is isolated.
In section 2 we define different masses present in an irregular galaxy and their role in chemical evolution models. The total mass and the halo mass assembly history within a ΛCDM cosmology are derived in sections 3.1 -3.3. In section 3.4 we discuss two scenarios for the baryonic mass building of the galaxy, one in which the reionization of the universe reduces the galaxy baryon fraction, below the universal one; and another in which in addition to reionization the galaxy baryon fraction is also reduced by large-scale shock heating. In section 4 we estimate the gaseous mass and discuss the present day chemical composition to be fitted by the models. In section 5 we determine the variation of the star formation rate and the luminosity with time. In section 6 we present the general characteristics of the chemical evolution models. In section 6.1 we discuss the large infall models, hereinafter L models, where the effect of gas shock heating is not considered. In section 6.2 we discuss the small infall models, hereinafter S models, where the effect of gas shock heating is considered, this effect prevents a substantial fraction of baryons from reaching the galaxy. In sections 7 and 8 we present the discussion and the conclusions.
Definitions
We can define the total mass, M total , as
where M bar is the baryonic mass, and M DM is the non-baryonic mass.
M bar can be expressed as
where M sub is the mass in substellar objects (with stellar mass, m, lower than 0.1 M ⊙ ), and has also been called the baryonic dark matter, M stars is the mass of objects with m > 0.1 M ⊙ and M rem is the mass in compact stellar remnants. M gas can be approximated by where we have neglected the ionized and the heavy element components. M gas is also given by
where M bar (accreted) is the baryonic mass accreted from the intergalactic medium during the galaxy formation and M gas (outflow) is the baryonic mass ejected to the intergalactic medium during the galactic evolution. We define the ratio of the baryonic mass accreted by the galaxy to the total mass as
and the ratio of the baryonic mass that remains in the galaxy to the total mass as
In this paper, galaxy and halo are synonymous. Feedback and well-mixed outflow are also synonymous.
3.
Total Mass: M total 3.1. M total from direct observations of the rotation curve A high-resolution rotation curve that extends to 5 kpc has been determined for this galaxy by Weldrake et al. (2003) using the Australian Telescope Compact Array. Inside this radius, R, the mass of the galaxy given by M lower = V 2 c R G is 3.5×10 9 M ⊙ , where we are assuming that the circular velocity, V c , is equal to the rotational velocity determined observationally from the gaseous component of the disk and amounts to 55 km s −1 . With an observed baryonic mass of 4.3 × 10 8 M ⊙ (see sections 4 and 6) we find that NGC 6822 is a galaxy dominated by dark matter with M bar /M lower = 0.12, inside R < 5 kpc.
M total from the cosmological context
The total mass of a galaxy is a model dependent quantity. Here we will use a cosmologically motivated model to estimate the mass of the galaxy in question. Cosmological collisionless N-body simulations show that density profiles of dark matter (DM) halos can be described well by the NFW profile (Navarro, Frenk, & White 1995 , 1997 ρ NFW (r) = ρ 0 r/r s (1 + r/r s ) 2 .
The characteristic radius r s is the radius where the logarithmic derivative of ρ NFW is −2, while the characteristic density ρ 0 is given by ρ 0 = 4ρ NFW (r s ). The NFW profile can also be characterized by a concentration parameter, c vir ≡ R vir /r s , and by the virial circular velocity V vir = GM total /R vir , where M total is the virial mass of the galaxy. The virial radius, R vir , can be defined as the radius where the average halo density is δ times the mean density of the universe according to the spherical top-hat model. Here δ is a number that depends on epoch and cosmological parameters (Ω 0 ,Ω Λ ); for a flat (0.3,0.7) ΛCDM model δ ∼ 334 at the present epoch. In practice, we use cosmology to infer a relationship between the maximum circular velocity, V peak , and V vir , that is given by (Bullock et al. 2001 ), where f (c vir ) = ln(1 + c vir )−c vir /(1+c vir ). We thus can estimate the total mass of the halo once V peak and c vir are given. We use as V peak the rotational velocity at the last measured point. The mass of the halo may be underestimated because: i) the rotation curve for this galaxy may still rise beyond this radius and ii) we are neglecting any contribution from the gas velocity dispersion. The concentration of a DM halo depends on many parameters such as nature of the dark matter, halo mass, epoch, normalization of the power spectrum, etc. Here we will assume the "concordance" ΛCDM model (Ω 0 = 0.3, Ω Λ = 0.7, h = 0.7, σ 8 = 0.9) where h is the Hubble constant in units of 100 km s −1 Mpc −1 and σ 8 is the rms of the mass fluctuations computed with the top-hat window of radius 8 h −1 Mpc. If we take the median concentration estimated using the model by Bullock et al. (2001) and V peak = 55 km s −1 from Weldrake et al. (2003) we find M total = 2.6×10 10 M ⊙ . This is the total mass that we will assign to NGC 6822. Taken this result at face value, this would mean that baryons at present contribute to the galaxy mass budget with only 1.65% , such small values seem to be typical of dwarf galaxies.
Mass assembly history: MAH
Within the CDM galaxy formation paradigm a halo grows in a hierarchical fashion: self-bound structures form from bottom to top through the accretion and merging of smaller structures. A halo of a given mass today can arise from one of many possible mass aggregation histories. We use the recipe described in appendix A of van den Bosch (2002) , which is based on the extended Press-Schechter formalism (Bond et al. 1991; Bower 1991; Lacey & Cole 1993) , to derive the mean MAH for our given particular cosmological model and halo mass. van den Bosch (2002) finds, after experimenting with a variety of fitting functions, that the MAHs are well fitted by the following parametric form:
where M (z) and M 0 are the mass of the halo at z and z = 0, respectively, and z f and ν are free parameters. According to this expression, z f is defined as the redshift where half of the mass of the halo is acquired, and it is 1.50 for the total mass and cosmological context assumed in this paper. Based on Figure 6 of van den Bosch we took two additional models with extreme values of z f , given by log(1 + z f ) = 0.4 ± 0.1, to cover the scatter in the mass assembly histories. The mean MAH is computed assuming z f = 1.50, the slow and fast MAHs are those computed adopting z f = 1.00 and z f = 2.16, respectively. Figure 1 shows the MAHs of these models (solid for mean and dotted lines for slow and fast). (2002) with z f = 1.50 (the redshift where the halo acquires half of its mass). The scatter in the diagram has been incorporated by using two extreme values for z f namely 1.00 and 2.16 (dotted lines).
M gas versus time
A high fraction of baryons ∼ 90% in the present-day universe do not reside in galaxies, the missing baryons (Fukugita & Peebles 2004) . They can be in virialized regions of halos (hot gas in hydrostatic equilibrium), in a diffuse phase with overdensities δ < 1000 (δ ≡ ρ/ρ− 1, whereρ is the mean density of the universe), or in a warm-hot phase with 10 5 < T (K) < 10 7 (Davé et al. 2001; Kang et al. 2005; Mo et al. 2005) . This gas could have been expelled out of halos by strong winds or never became bound to halos in the first place.
Photoionization of the IGM by quasars or early star formation is an efficient mechanism that impedes gas to fall into small galaxies. Below we estimate the effect that the reionization of the universe could have had on the gas infalling history of NGC 6822.
We use the formulas B1-B3 of appendix B of (Kravtsov, Gnedin, & Klypin 2004) to estimate the effect of reionization on the structure of NGC 6822. The formula B3 given below
is an expression for the fraction of cold gas left in the halo of mass M (Gnedin 2000) and f b is the universal baryon fraction and amounts to 0.14.
The filtering mass, M F , defined as the mass of a halo which would retain 50% of its gas mass, is an increasing function of cosmic time and depends on when reionization starts z r (see, for example, Fig.  B10 of Kravtsov et al.) . We use the mass assembly history M (z) of section 3.3 and equation (10) to compute the fraction of baryonic matter accreted by the galaxy at any given redshift, that is given by
where the prime denotes derivative with respect to redshift.
In Figure 2 we plot f acc as a function of time for the mean MAH (solid line). The formula above is formally valid for z < z r , but it is clear that for redshifts greater than z r = 7 this fraction is just given by f b . Once the epoch of reionization begins the amount of baryons in the galaxy at any time will depend on how Q, given by M F (z)/M , evolves. Q varies by about a factor 2 from z = z r (t = 0.75 Gyr) to z = 0 (t = 13.5 Gyr, the present time) for the MAH model. Its rapid increase from z r to z ∼ 4 (t ∼ 5 Gyr) makes f acc decrease after z r . As time goes on, the drop in f acc is stopped because Q decreases.
Yet, there is a second mechanism that might reduce the amount of baryons in galaxies: assume that a significant fraction of baryons was never incorporated into the galaxy. Primordial gas could have been shock-heated by the collapse of nonlinear structures of mild overdensities (pancakes and filaments), raising the entropy floor (e.g., Mo et al. 2005 ) and thus increasing the cooling time above the Hubble time. Although simulations with higher numerical resolution are needed to confirm this prediction (Mo et al. 2005) , presentday simulations seem to support this idea. Numerical simulations by Kang et al. (2005) show that about 40% of the gas at present is in a warmhot phase (25% with 10 5 < T (K) < 10 7 and 15% with T (K) < 10 5 ). We will model this phenomena by simply assuming that this increase in temperature in the intergalactic medium occurs suddenly, when the mass of the gas in the galaxy reaches 60% of its present-day value (in the absence of largescale shock heating). From this epoch, z = 1.10 (t = 5.37 Gyr), to the present the amount of accreted baryons in the galaxy does not increase. The second drop in f acc (see Figure 2 , dotted line) is due to this effect.
It should be clear by now that the evolution of f acc as well as its present-day value depend on the MAH. For the MAHs considered for NGC 6822 and in the absence of large-scale shock heating, f acc (z = 0) takes the following values: 0.033 (slow, z f = 1.00), 0.045 (mean, z f = 1.50), and 0.066 (fast, z f = 2.16). For completeness we also show in Figure 3 the evolution of the total (dashed line) and baryonic (solid line) mass for the mean MAH model, time is cosmic time. As in Figure 2 , the dotted line represents the model where the largescale shock heating of the gas is incorporated.
In section 6 we will describe two families of models for the increase of M gas versus time. Those models that accrete a relatively large M gas and consider the effects of reionization only, will be called large infall models (L models), and their chemical evolution will be discussed in section 6.1. Those models that accrete a relatively small M gas and that in addition to reionization consider the effect of shock heating will be called small infall models (S models) and will be discussed in section 6.2. -Evolution of the ratio of the baryonic matter accreted relative to the total mass for the mean MAH, taking into account the effect of reionization (solid line), and in addition to reionization the effect of large-scale gas shock heating after t = 5.37 Gyr (dotted line). Before t = 5.37 Gyr the solid line represents both types of models since the effect of large scale shock heating occurs at t = 5.37 Gyr and does not affect the MAH for earlier times. We have assumed the onset of reionization at t r = 0.75 Gyr (z r = 7). Note that f acc equals the universal baryon fraction f b for t < t r and drops quickly below f b soon after and reaches a minimum. At t = 5.37 Gyr (z r = 1.10), which is the time when the mass gas reaches 60% of the total accreted mass of the large infall models, the curve divides in two: the solid and dotted lines.
Present Mass and Chemical Composition of the Gaseous Component

Chemical composition
As observational constraints of the evolution models we will use the present chemical composition of the interstellar medium of NGC 6822. To this effect we will combine the abundances of the supergiant stars and the H II regions. The supergiant stars were formed a few million years ago, therefore we expect them to have the same abundances than the H II regions.
In Table 1 we present the adopted NGC 6822 The infall of gas follows that of the dark matter until the onset of the reionization of the universe. From then on, the gas mass growth is reduced in relation to that of the DM. After t = 5.37 Gyr in the small infall models, in which the intergalactic gas temperature increases due to large-scale shock heating (dotted line), the galaxy stops accreting gas once the gas mass reaches 60% of the total accreted mass of the large infall models (see main text); i. e., in the small infall models we assume that 40% of the gas will never be incorporated into the galaxy. There has been some discussion about the possible presence of abundance gradients in irregular galaxies, for example Pagel et al. (1978) state that a spatial abundance gradient, an analogous to those found in spiral galaxies, is small or absent in the LMC and conspicuously absent in the SMC. The accuracy of the data for NGC 6822 is not yet good enough to establish the presence of a gradient. Works by Venn & Miller (2002) and Lee et al. (2005) are not conclusive, but seem to indicate that the O/H gradient is small or absent. NGC 6822 V is located about 1 kpc away from the galactic center and according to Gottesman & Weliachew (1977) about 70 % of the gaseous mass (M (HI) = 1 × 10 8 M ⊙ ) is located within 2.6 kpc. In what follows we will consider that the chemical composition of NGC 6822 V is representative of the gaseous component of NGC 6822.
Also in Table 1 we present the Orion and solar abundances for comparison. For Orion: Fe comes from B stars (Cunha & Lambert 1994) and the other elements from the H II region (Esteban et al. 2004 ). The solar abundances come from Asplund et al. (2005) , with the exception of the He abundance that corresponds to the initial value computed by Christensen-Dalsgaard (1998) .
The Orion nebula is more representative of the present chemical composition of the solar vicinity than the Sun for two main reasons: i) the Sun appears deficient by roughly 0.1 dex in O, Si, Ca, Sc, Ti, Y, Ce, Nd and Eu, compared with its immediate neighbors with similar iron abundances (Allende Prieto et al. 2004) , the probable reason for this difference is that the Sun is somewhat older than the comparison stars, and ii) all the chemical evolution models of the Galaxy predict a steady increase of the O/H ratio in the solar vicinity with time, for example the chemical evolution model of the solar vicinity presented by Carigi (2003) , Carigi et al. (2005) , and Akerman et al. (2004) indicates that the O/H value in the solar vicinity has increased by 0.13 dex since the Sun was formed.
Gaseous mass: M gas
From the H I measurement by Huchtmeier & Richter (1986) and adopting a distance of 495 kpc we obtain an M (H I) = 1.36 × 10 8 M ⊙ . From the helium abundance presented in Table 1 we obtain that M (He I)/M (H I) = 0.33. The M (H 2 ) estimated for NGC 6822 by Israel (1997) is about 10 % of M (H I). Consequently, we will multiply the M (H I) + M (He I) gaseous mass by a factor of 1.1 to take into account the contribution due to M (H 2 ). From the previous considerations we obtain that M gas = (1.98 ± 0.2) × 10 8 M ⊙ .
Luminosity Evolution and Star Formation Rate
Star formation rate: SFR
The SF R used in chemical evolution models is given in general by a theoretical parametrization that depends on many physical properties that vary from object to object and in many cases are not well constrained. Consequently, in some cases the adopted SF R might not be realistic. Fortunately for NGC 6822 we have a SF R based on observations. Wyder (2001 Wyder ( , 2003 based on data obtained with the HST has derived the star formation rate (SF R i ) of eight fields in NGC 6822. Since these 8 fields correspond to regions of the galaxy with different luminosities and taken together amount to 20% of the total luminosity of the object (see bellow), we will assume that they are representative of the whole galaxy during its evolution. Based on the SF R i s by Wyder we have constructed a SF R of the whole galaxy.
We have to normalize the results by Wyder to the cosmological age adopted by us. Our cosmological model indicates that the galaxy started forming 13.5 Gyr ago, we have assumed a SF R = 0 for the first 1.2 Gyr, therefore the oldest stellar population has a representative age of 12.3 Gyr. Wyder (2001 Wyder ( , 2003 only shows the SF H of region VIII for three assumed galactic ages (9, 12 and 15 Gyr), for the other seven regions he only shows the SF H for an age of the galaxy of 15 Gyr. In this paper we have assumed that the differences in the SF H between the ages of 12 Gyr and 15 Gyr are small (as it is the case for region VIII), and have taken the sum of the SF H of all the regions for an age of 15 Gyr as representative of the whole galaxy. In addition we have adopted the SF H in the 15 to 7 Gyr age interval as representative of the 12.3 to 7 Gyr age interval.
The total star formation rate of the eight fields will be called SF R(t) 8f and will be given by
With the SF R(t) 8f and the GALAXEV program of Bruzual and Charlot (2003) we obtain an M V = −14.28 at the present time (t = 13.5 Gyr), which implies that the eight HST fields produce 20% of the luminosity of the galaxy (M V = −16.10, Hodge 1977) . We added to the GALAXEV program an additional subroutine that includes the metallicity evolution, Z(t) (Bruzual, private communication) . The Z(t) adopted by us is given by the average of the [Fe/H] enrichment histories determined by Wyder (2003 and private communication) under the assumption that [Fe/H] is proportional to the Z value.
Assuming that the rest of the galaxy behaves as the HST fields we obtain that
the SF R total corresponds to an M V = −16.07 at the present time. In Figure 4 we present the SF R total obtained, this SF R total will be assumed in the models. 
Luminosity evolution
For the luminosity and chemical evolution, we have adopted the SF R total derived in the previ-ous section. The SF R total was computed from SF Hs based on the Wyder code and was normalized based on the Bruzual-Charlot code. Both codes are different, but we think that the procedure used to derive the luminosity evolution is reasonable, because there are many common ingredients between GALAXEV and Wyder's codes. For example: both codes use the same IMF (Salpeter 1955 ) in a similar mass range (from 0.1 M ⊙ to 100 − 120 M ⊙ ), and the same stellar evolutionary isochrones (those of the Padova group dependent on metallicity).
In Figure 5 we present the M U , M B , and M V evolution as a function of time for NGC 6822 given by the GALAXEV code. In Table 2 , we present the current M U , M B , and M V values (13.5 Gyr). 
Color Evolution
In Figure 6 we present the J − H, J − K, and V − J colors as a function of time predicted by GALAXEV.
In Table 2 we compare the observed magnitudes and colors with those predicted by the model for the present time. The magnitudes M B and M V are taken from Wyder (2001) , while the colors M J -M H and M J -M K from Jarret et al. (2003) . The U − B color is from Hodge (1977) and the reddening correction for U − B was taken from Schlegel et al. (1998) . The agreement between the model predictions and observations is excellent for the M U , M B , and M V magnitudes and the M J -M H and M J -M K color indexes (see also Figure  6 ). It is not possible to compare the visual magnitudes with the infrared magnitudes because the infrared observations did not include the whole galaxy (Jarrett et al. 2003) . By adopting the M V -M J color of the model, we can determine the fraction of the integrated light of the galaxy observed in the infrared. The photometric evolution model predicts M V -M J = 1.23 and M J = −17.26. On the other hand the observed M J value by Jarrett et al. (2003) amounts to −16.2 a value 1.06 mag fainter than predicted by the model. This difference implies that the aperture used by Jarrett et al. (2003) included only 38 % of the integrated light of the galaxy, in agreement with their comment in section 6.5 where they mention that in general they observed only from 20 % to 50 % of the integrated light of dwarf irregular galaxies.
Chemical Evolution Models
We have computed chemical evolution models with a very low number of free parameters. The cosmological context provides the accretion rate, and the luminosity model provides the SF R as a function of time, both in an independent way. The remaining ingredients related with stellar populations: the IMF, the stellar yields, and the percentage of binary systems which explode as SNIa, are inferred from a successful chemical evolution model of the solar vicinity and the Galactic disk by Carigi et al. (2005) .
To construct the models for NGC 6822, we have relied upon the model of the solar vicinity by Carigi et al. (2005) , consequently we have adopted the following assumptions: i) the IMF proposed by Kroupa, Tout, & Gilmore (1993, KTG) for the 0.01 -80 M ⊙ range, ii) for massive stars, those with m > 8 M ⊙ , we have used yields that depend on the initial metallicity as follows, for Z i = 0 yields by Chieffi & Limongi (2002) , for Z i = 1 × 10 −5 and 0.004 yields by Meynet & Maeder (2002) , and for Z i = 0.02 yields by Maeder (1992) , iii) for low-and-intermediate-mass stars, those with m < 8 M ⊙ and from Z i = 0.004 to Z i = 0.02 we have used the yields by Marigo, Bressan, & Chiosi (1996 , and Portinari et al. (1998) , iv) for Type Ia supernovae, we have used the yields for Z i = 0.02 by Thielemann et al. (1993) , these yields are almost independent of metallicity, and v) the fraction of binary systems with total mass between 3 < m(M ⊙ ) < 16 that becomes SNIa (Abin) amounts to 0.05.
Note that the results by Wyder (2001 Wyder ( , 2003 and Bruzual & Charlot (2003) were obtained with the Salpeter IMF, which differs from the one used for our chemical evolution models, the KTG IMF. It is beyond the scope of this paper to recompute the models by Wyder and Bruzual & Charlot using the KTG IMF.
In some models, we will adopt two different types of outflows: i) we call "selective outflows" those constituted only by material ejected by supernovae of Type II and Type Ia, in this case all the material ejected by massive stars (Type II SNe) is lost to the IGM, and ii) we call "well mixed outflows" those that reach the IGM after the ejecta by MS, LIMS, and Type Ia SNe have been completely mixed with the ambient ISM. We have assumed that the rate of the well mixed outflow is proportional to the SF R and that the proportionality coefficient is constant during the presence of the outflow. With both types of outflows the galaxy loses material that never gets back. The duration of the outflow is another free parameter.
We computed a large set of chemical evolution models. From these, we will discuss in detail 15 models in sections 6.1 and 6.2. All models evolve with the mean MAH computed in section 3.3. Seven of the 15 models follow a baryonic mass accretion history that does not assume large-scale heating of the gas, while the other eight models do. In some models we included outflows of baryonic matter. All models equally fit the color evolution presented in Section 5.3, and twelve of them have the same values for M sub , M stars , and M rem , that amount to 3.48 × 10 7 M ⊙ , 1.73 × 10 8 M ⊙ , and 2.31 × 10 7 M ⊙ . The exceptions are Model 7L, 7S, and 8S, that have different upper mass limits for the IMF, for these models the values of M sub , M stars , and M rem are practically the same values than those predicted by the other models and they will be presented in sections 6.1 and 6.2. The M bar (eq. 2) determined from the observations and the photometric evolution model amounts to 4.3 × 10 8 M ⊙ .
Large infall models
We have computed several models that adopt all ingredients presented in the previous sections, specially in Sections 3, 5.1 and 6. In particular, in Models 1L -7L we consider that the baryonic mass accreted by NGC 6822 is that suggested by the cosmological context without large-scale shock heating.
In Table 3 we present the main characteristics of those seven models. Columns 2 and 3 describe the type of outflow and its duration. Columns 4 to 8 present five properties predicted by the models: In Model 1L we assume that all the baryons available after the reionization fall into the galaxy and remain in the galaxy during its whole evolution. In Figure 7 we show the evolution history of six properties of the model up to now. Model 1L grossly fails to fit M gas and O/H, since it predicts 4.7 times more gas than observed and a lower O/H value than observed by 5 σ (see Table 3 and Figure  7) . In order to reduce the enormous difference between the predicted M gas value by Model 1L and the observed value we have computed models with well mixed outflows during the early history of the galaxy.
We think that in NGC 6822 early outflows occurred because: i) in the past, in a hierarchical cosmology, potential wells of galaxies for a given present-day mass are shallower and strong star formation events are expected because of the higher clump merger rate; ii) after an outflow occurs, M gas gets diminished and the possibility of a second outflow due to a burst of star formation in-creases because there is a lower amount of gas in the ISM to reduce the velocity of the SN ejecta; and iii) from the SFH it is not possible to rule out the presence of several outburst processes at earlier times, because the SFH has been averaged at longer time intervals (∼ 2.5 Gyr), and it is possible for a large SF R to go unnoticed for a brief amount of time. On the other hand, at later times the SFH has been averaged for shorter time intervals (∼ 0.5 Gyr), and it is more difficult for a high SF R to go unnoticed.
Model 2L is built to reproduce the M gas observed value under the assumption of an instantaneous well mixed outflow. This event had to occur at 6.3 Gyr, because at that time the M gas of the galaxy amounts to the difference between the observed and the predicted M gas by Model 1L (7.38 ×10 8 M ⊙ ). This model reproduces M gas , C/O and Fe/O, but the O/H and N/O values are higher than observed by 2.0 σ and 1.2 σ respectively (see Table 3 ). O/H is higher because according to the SFH most of the stars are formed after the outflow event and the O ejected by the stars to the ISM is kept by the galaxy Based on the models by Fujita et al. (2004) we find that in order to produce an instantaneous well mixed wind in NGC 6822 at 6.3 Gyr, when its total mass is 1.7 × 10 10 M ⊙ , about 10% of the gas should be converted into stars. This amount of gas corresponds to ∼ 6 × 10 7 M ⊙ which according to the derived SF R is 2.5 times higher than the mass converted into stars by NGC 6822 in an interval of 1 Gyr centered at 5.8 Gyr (see Figure  4 ). Consequently, we consider Model 2L to be unlikely.
Model 3L is built to reproduce the O/H observed value under the assumption of a well mixed outflow that starts at the same time than the star formation (t = 1.2 Gyr). To reproduce the observed O/H value the model needs the outflow phase to last 4.0 Gyr. During the outflow phase the mass lost to the IGM is the maximum possible, that means that the gas left is the minimum required to maintain the SF R.
Model 3L reproduces all the observational constraints related with chemical abundances, but not the M gas observed value: the M gas predicted is higher than observed, by a factor of 1.65 (8 σ) (see Table 3 and Figure 8 ). The gas mass lost is 6.09 ×10 8 M ⊙ , 8.5 times the mass of stars formed during the first 4.0 Gyr. During the wind phase the outflow rate is equal to 7.51 times the SF R. If it turns out that the observed gas mass value has been underestimated (which is unlikely since most of the gas is in the form of HI that is observed), this model might become relevant. Model 4L is built to reproduce the M gas observed value under the assumption of a well mixed outflow. This model requires to lose more gas than Model 3L, therefore the duration of the outflow has to be longer. To fit M gas we need the outflow to last 5.1 Gyr. During the outflow phase the mass lost to the IGM is the maximum possible, that means that the gas left is the minimum required to maintain the SF R. During the wind phase the outflow rate is equal to 7.11 times the SF R. The gas mass lost is 7.35 ×10 8 M ⊙ , 8.0 times the mass of stars formed during the first 5.1 Gyr of the star formation. The predictions of this model are identical to those of Model 2L (see Table 3 ), from ∼ 5 Gyr up to now, because: i) both models at ∼ 5 Gyr had lost practically all of the gas and started accumulating gas again at the same rate, and ii) both models had the the same SF R after 5 Gyr. In other words, after the end of the outflow phase both models have the same stellar populations that pollute equally the same amount of gas.
Model 4L agrees with the observed M gas value but overproduces O, therefore we will modify Model 4L to fit the O/H ratio and the other observational constraints by adopting extra assumptions in Models 5L, 6L, and 7L.
In Model 5L we have assumed that 0.5 Gyr ago a primordial gaseous cloud of 0.34 ×10 8 M ⊙ was accreted by NGC 6822. We have assumed the least massive cloud needed to reproduce the O/H value. With this extra infall, the model can reproduce all the observational constraints related to chemical abundances with the exception of N/O, but the predicted M gas is higher by a factor of 1.2 (see Table 3 ). The accretion of a huge gaseous cloud of primordial material recently is more unlikely than at earlier times. If we assume the accretion of a primordial cloud at earlier times (t < 13 Gyr), the model would require a more massive cloud, increasing the disagreement with the observed M gas .
To assume the infall of a cloud of 3.4 × 10 7 M ⊙ of primordial gas at t = 13 Gyr is unlikely for the following reasons: i) this gaseous cloud has about 8 % of the baryonic mass of the galaxy and therefore could have formed part of the NGC 6822 satellite system, ii) at such late time a gas cloud of this mass could have had time to form stars and these stars could have changed the primordial chemical composition of the gas cloud (according to De Block & Walter (2005) the disk of NGC 6822 does have an embedded gaseous cloud with comparable mass but with an old stellar population), and iii) the total gaseous mass accreted by the galaxy in the last 0.5 Gyr according to the MAH amounts only to 5 × 10 5 M ⊙ . Consequently, we consider Model 5L unlikely.
In Model 6L we have assumed a second outflow of the selective type, during the last 1 Gyr, when the SF R is most important. In this outflow, all the material ejected by SNII and SNIa is lost to the IGM. If the SNIa ejecta remain in the galaxy, the predicted Fe/O value becomes −1.30 dex, in marginally agreement with observations (see Table  3 ). Model 6L is unlikely because between 12.5 and 13.5 Gyr the SFH does not indicate the presence of a major starburst (see Figure 4 ) needed to drive the outflow, and the potential gravitational well is largest. Moreover, we think that it is unlikely that the material ejected by every SNe in the last Gyr escapes to the IGM.
In Model 7L we have reduced the IMF mass upper limit, m up , from 80 M ⊙ to 60 M ⊙ . When m up is reduced, the percentage of MS, main producers of O, is decreased by a factor of 1.18, and the predicted O/H value is reduced by 0.12 dex. This fact produces an increase of the N/O and Fe/O predicted values to -1.06 dex and -1.24 dex, respectively, more than 1 σ away from the observed values. The Fe/O value can be adjusted by assuming a lower fraction of binary systems that become SNIa (Abin). For this reason we have reduced Abin from 0.05 (the value assumed in the rest of the L models) to 0.02. Model 7L fits all the observational constraints with the exception of the N/O ratio (see Figure 9 and Table 3 ). With m up = 60 M ⊙ , and Abin = 0.02, the stellar populations are not the same than those in the solar vicinity. With these values the model by Akerman et al. (2005) or Carigi et al. (2005) cannot reproduce the chemical observational constraints for the solar vicinity, implying that the IMFs of the solar vicinity and of NGC 6822 are not the same. Other authors have also argued in favor of smaller m up values for dwarf galaxies, for example, Weidner & Kroupa (2005) suggest that m up is lower in dwarf galaxies than in the solar vicinity; the smaller m up implies that the number of Type II SN per generation of stars has to be smaller than in the solar vicinity. Their results depend on the SF R. For a continuous SF R during the last 14 Gyr, their IMF slope is steeper than the Salpeter IMF for massive stars, as in the case of the IMF assumed in this paper, and has an m up ∼ 10 M ⊙ . For a single 100 Myr burst their slope is like the Salpeter's one and has an m up ∼ 100 M ⊙ . The SF R computed by us is nearly constant during the first 5 Gyr and then shows several bursts. Based on the work by Weidner & Kroupa the IMF adopted by us should be dependent on time, but that is out of the scope of this paper. We consider that a constant IMF with m up = 60 M ⊙ is a good approximation to the IMF proposed by Weidner & Kroupa (2005) . Other authors also argue that galaxies with a lower SF R have a lower m up value in agreement with our suggestion (e.g. Goodwin & Pagel 2005 , and references therein).
According to Bruzual (private communication) the change in M V and therefore in the SF R due to the reduction of m up from 80 M ⊙ to 60 M ⊙ is negligible. Consequently the colors predicted by Model 7L coincide with the colors of all the other models.
For Model 7L the values of M sub , M stars , and M rem , amount to 3.49 × 10 7 M ⊙ , 1.73 × 10 8 M ⊙ , and 2.31 × 10 7 M ⊙ , respectively.
In Table 4 we present two carbon budgets: the stellar production one, and the interstellar medium one for L models. The production is due to massive stars (MS), low and intermediate mass stars (LIMS), and SNIa. Also in Table 4 we present for comparison the carbon budgets for the solar vicinity (Carigi et al. 2005) . For Model 1L both budgets agree because there is no outflow present, a similar situation prevails for the solar vicinity. For Models 4L, 6L, and 7L the contribution of massive stars to the C abundances in the ISM is smaller than the stellar production due to outflows to the IGM. Since for Models 4L and 6L the IMF and the SFH are the same, the higher contribution of MS to the C budget is due to the dependence of the C yields in the O/H ratio, which is higher for Model 4L than for Model 6L. For MS the C yields increase with metallicity due to stellar winds, while for LIMS the C yields decrease with metallicity (Carigi et al. 2005) . Since for Models 6L and 7L the SFH and the O/H values are the same, the higher contribution of MS to the C budget is due to the difference in the IMFs, while for Model 6L m up amounts to 80 M ⊙ for Model 7L it only amounts to 60 M ⊙ . Finally the larger contribution of MS to the C budget in the solar vicinity than in Model 1L is due to the evolution of the O/H values, and as mentioned before the higher O/H values produce higher C yields for MS and lower ones for LIMS.
The difference among the carbon budgets of the computed models for NGC 6822 is small and implies that the result obtained, in the sense that the LIMS produce about 63 % of the C abundance and that the MS produce about 36 % of the C abundance, is a robust one.
Small infall models
For the S models we consider the baryonic mass aggregation history obtained in section 3.4 under the assumption of large-scale gas shock heating, that prevents a fraction of the gas to be accreted by the galaxy. Specifically, only 60 % of the baryons available after taking into account the effect of reionization (see Figures 2 and 3 , dotted lines) fall into the galaxy. The remaining 40 % are heated by the collapse of large-scale structures (filaments and pancakes) and are never accreted by the galaxy.
In Table 5 we present the main characteristics of eight S models. Columns 2 and 3 describe the type of outflow and its duration. Columns 4 to 8 present five properties predicted by the models.
In Model 1S we assume that the gas that falls into the galaxy remains in the galaxy during its whole evolution. In Figure 10 we show the evolution history of six properties of the model up to the present time. Model 1S fails to fit M gas , since it predicts 2.4 times more gas than observed, but reproduces all the observational constraints related with chemical abundances (see Table 5 and Figure  10 ). If the observed M gas value were higher than the adopted in this paper, this model would be one of the best and would be the only successful model without feedback. In order to reduce the difference between predicted and observed M gas presented by Model 1S we have computed models that include well-mixed outflows during the early history of the galaxy.
Model 2S is built to reproduce the observed M gas under the assumption of an instantaneous well mixed outflow. This event had to occur at 3.1 Gyr, because at that time the M gas of the galaxy amounts to the difference between the observed and the predicted M gas by Model 1S (2.73 ×10 8 M ⊙ ). This model reproduces M gas but the O/H value is higher than observed by 3.7 σ (see Table 5 ). The C/H, N/H and Fe/H ratios are not reproduced.
Model 3S is built to reproduce the O/H observed value under the assumption of a well mixed outflow that starts at the same time than the star formation. To reproduce the observed O/H value the model needs the outflow phase to last only 0.1 Gyr. This model is very similar to Model 1S. During the wind phase the outflow rate is equal to 10.0 times the SF R. This model reproduces all the observational constraints related with chemical abundances, but not the M gas observed value (see Table 5 ).
Model 4S is built to reproduce the M gas observed value under the assumption of an early well mixed outflow that lasts 1.6 Gyr. Since Model 4S accretes less gas than Model 4L, it requires a feedback during a shorter amount of time to reproduce the M gas observed. During the outflow phase the mass lost to the IGM is the maximum possible, that means that the gas left is the minimum required to maintain the SF R.
During the wind phase the outflow rate of Model 4S is equal to 8.56 times the SF R. The gas mass lost is 2.73 ×10 8 M ⊙ , 9.5 times the mass of stars formed during the first 1.6 Gyr of the star formation. The predictions of this model are identical to those of Model 2S (see Table 5 ), from ∼ 3 Gyr up to now, because both models at ∼ 3 Gyr had lost practically all of the gas and started accumulating gas again at the same rate and with the the same SF R during their later evolution. In other words, after the end of the outflow phase both models have the same stellar populations that pollute equally the same amount of gas.
In Model 4S the accretion is null after 5 Gyr, when SFR is important. Therefore, its predicted O/H value is higher than that obtained by Model 4L because the chemical elements produced by stars after t= 2.8 Gyr are ejected into a ISM which is no longer diluted by primordial infalling gas. To lower the O/H value of Model 4S we have produced Models 5S -7S that require even more extreme extra assumptions than those needed for Models 5L -7L.
In Model 5S we have assumed that 0.5 Gyr ago a primordial gaseous cloud of 1.2 ×10 8 M ⊙ was captured by NGC 6822 in order to reproduce the O/H value with the least massive cloud. With this extra infall, the model can reproduce all the observational constraints related to chemical abundances with the exception of N/O, but the predicted M gas is higher by a factor of 1.6 (see Table  5 ). The accretion of a huge gaseous cloud of primordial material recently is more unlikely than at earlier times. If we assume an accretion of a primordial cloud at t < 13 Gyr, with the same SF R (important at recent times) the model will require a more massive cloud predicting a larger disagree-ment with the observed M gas . We consider Model 5S more unlikely than Model 5L because the mass of the infalling cloud has to be larger and the disagreement with the observed M gas becomes also larger.
In Model 6S we have assumed a second outflow, of the selective type during the last 2.5 Gyr, when the SF R is most important. In this outflow, 100 % of the material ejected by all SNII and SNIa is lost to the IGM. This model predicts higher C/O and N/O values (see Table 5 ) because the galaxy keeps the C and N produced by LIMS. Model 6S is unlikely because it requires a recent rich outflow of long duration.
In Model 7S we have reduced m up from 80 M ⊙ to 47 M ⊙ and the consequently predicted O/H value is reduced by 0.22 dex. This fact produces an increase of the C/O and N/O predicted values to -0.12 dex and -0.93 dex, respectively, more than 1.5 σ away from the observed values (see Table  5 ). The Fe/O value is adjusted because we have assumed a lower fraction of binary systems that become SNIa (Abin = 0.02). This model does not reproduce the C/O and N/O values because with this IMF there are more LIMS that are the main producers of C and N, at these metallicities. For Model 7S the values of M sub , M stars , and M rem , amount to 3.50 × 10 7 M ⊙ , 1.72 × 10 8 M ⊙ , and 2.30 × 10 7 M ⊙ , respectively. No previous S model reproduces all the observational constraints. In particular, those models that match M gas , predict higher O/H values than observed. The extra assumptions included in the models produce a rise in the C/O value, higher than observed. Consequently, we have computed Model 8S in order to reproduce the M gas , O/H, and C/O.
One way to reduce the O/H and C/H values, maintaining the C/O ratio, is with a well mixed outflow of longer duration. In Model 8S, we assume a well mixed outflow during the first 4 Gyr of star formation and the m up of IMF and Abin of Model 7L, the best of the L series models. Model 8S reproduces marginally all observational constraints with the exception of N/O( see Table 5 and Figure 11 ).
During the wind phase the outflow rate of Model 8S is equal to 3.13 times the SF R. The gas mass lost is 7.2 ×10 7 M ⊙ , 3.5 times the mass The C budget for the Model 8S is practically the same than for Model 7L (see Table 4 ) because both models have the same SFR, IMF, Abin and similar O/H.
The N/O ratio
All our models fail to fit the N/O ratio, this could be due to problems with observations and with the adopted N yields. In what follows we will discuss this problem. Carigi et al. (2005) obtained an excellent agreement between the present time N/O value predicted by the solar vicinity model and the N/O values derived from observations of H II regions of the solar vicinity. Alternatively, the N/O values predicted by all our models are higher than those observed in NGC 6822 by Peimbert et al. (2005) .
A possible explanation for the low N/O values in H II regions of NGC 6822 could be due to the escape of an important fraction of the ionizing pho-tons. If such were the case, the ionization correction factor (ICF ) for N becomes considerably larger than the usual ICF adopted Relaño et al. 2002) .
Moreover the N/O values derived from metal poor stars are in agreement with the model by Carigi et al. (2005) but not for metal rich stars, these authors suggest that the disagreement is due to the N yields adopted in the chemical evolution models.
Discussion
The chemical evolution of NGC 6822 depends on M total , the MAH, the baryonic infall as a function of time, and the importance of outflows. In what follows we will discuss these parameters and how they affect the different models that we have computed.
Total mass
From the cosmological model adopted we have found an M total = 2.6 × 10 10 M ⊙ . In what follows we will discuss possible upper and lower limits for M total . In Figure 12 we present f acc as a function of time for the minimum, adopted, and maximum M total values.
The minimum M total for the L models is obtained when there are no outflows present. For the mean MAH and without outflows we obtain M total = 1.54 × 10 10 M ⊙ , for a smaller mass the cosmological context predicts a smaller accreted mass than the baryonic mass observed. We have computed a chemical evolution model for this total mass and find that 12 + log O/H = 8.66 and C/O = -0.29 dex. The O/H value is considerably higher than the observed one. To fit the observed O/H value we need an O-rich outflow or to reduce m up . In both cases the C/O value becomes considerably larger than observed. For example a model with m up of 45 M ⊙ gives 12 + log O/H = 8.42 in agreement with observations, but it also gives a C/O = -0.13 dex, 1.5 σ higher than the observed value. Therefore the minimum M total model can be discarded by the chemical evolution models. For the S models the minimum M total is smaller than 2.6 × 10 10 M ⊙ but larger than 1.54 × 10 10 M ⊙ .
The upper limit to M total considered by us is 4 × 10 10 M ⊙ . The mass of this model is 1.54 times Fig. 12. -f acc , the ratio of the baryonic mass accreted by galaxy to the total mass, as a function of time for the minimum, the adopted, and the high M total values. The triangle, the circle and the square represent the ratio of the baryonic mass observed to the M total for the 1.54 × 10 10 M ⊙ , 2.6 × 10 10 M ⊙ , and 4.0 × 10 10 M ⊙ , respectively.
higher than the mass derived in section 3.2. For this model the accreted gaseous mass amounts to 25.1 × 10 8 M ⊙ and the ejected mass to 20.8 × 10 8 M ⊙ . The ejected gaseous mass is about a factor of three larger than that of Model 7L and implies that the efficiency and the duration of the outflows have to be considerably larger than for Model 7L. If we assume a wind phase of 5.1 Gyr duration, like that of Model 7L, the outflow phase required amounts to 20.1 times the SF R. This value is about an order of magnitude larger than that derived by Martin (1999) for nearby irregular galaxies. The star formation history, that drives the outflow, is observationally fixed, and does not change with the increase of the adopted M total . Moreover the larger M total provides a larger gravitational field that reduces the possibility of extended outflows. From these arguments we consider the adopted upper limit for M total a generous one.
Based on the models by van den Bosch (2003) , that predict the virial masses of disk galaxies, we can also derive the masses for NGC 6822 for the cases with and without outflows. We have two observational constraints to derive M total , the maximum rotational velocity, that amounts to 55 km s−1, and the K luminosity that amounts to log(L tot /L ⊙ ) = 8.5. The (L tot /L ⊙ ) K ratio is obtained from the NGC 6822 and the solar M K magnitudes that amount to -17.91 and 3.33 respectively (see Table 2 , Campins et al. 1985, and Hayes 1985) . From the two observational constraints and the models by van den Bosch with Z = 0.007 and no outflows we obtain M total ∼ 1 × 10 10 M ⊙ , while for the models with Z = 0.007 and feedback we obtain M total = (2.0 ± 0.5) × 10 10 M ⊙ ; these values are somewhat smaller but in good agreement with those derived by us. Valenzuela et al. (2005) find M total 1.93 × 10 10 M ⊙ and 3.4×10 10 M ⊙ for their two favored models of NGC 6822 in good agreement with with our determination.
From the computed chemical evolution models we consider that the M total adopted by us is reasonable. But if M total were very different from our adopted value, new chemical evolution models must be computed.
Mass assembly history
In Figure 1 we have presented three MAHs, the slow, the mean, and the fast. In the models presented in this paper we have adopted the mean MAH. We will discuss why the other MAHs were not considered. In Figure 13 we show the f acc for the L models as a function of time for the three MAHs under discussion and under the assumption that M total = 2.6 × 10 10 M ⊙ . Due to the effects of reionization the amount of gas accreted by the galaxy reaches 8.5 × 10 8 M ⊙ , 11.7 × 10 8 M ⊙ , and 17.0 × 10 8 M ⊙ for the slow, the mean, and the fast MAHs respectively. The difference between the accreted mass and the observed baryonic mass, that amounts to 4.3 × 10 8 M ⊙ , has to be ejected by outflows.
The infall of gas produced by the slow MAH at early times is not enough to form the older stars observed in NGC 6822. Therefore, based on our models, we discard the slow MAH.
From Figures 1 and 13 it follows that we require to lose a larger amount of mass due to outflows for the fast than for the mean MAH models. There- Fig. 13 .-f acc , the ratio of the baryonic mass accreted by the galaxy to the total mass, as a function of time for the slow, mean, and high MAHs for M total = 2.6 × 10 10 M ⊙ . The filled circle is the ratio of the baryonic mass observed to the total mass for the three MAHs.
fore the fast MAH models would require an early feedback of longer duration than the mean MAH models, typically of about 8 Gyr. Furthermore the gravitational field becomes larger at earlier times for the fast MAH than for the mean MAH models making it harder for outflows to occur, and the relative large initial gas content combined with the observed star formation history also prevent the presence of large outflow rates. These considerations made us discard the fast MAH models.
Large and small infall models
As mentioned in section 3.4 several authors have suggested that a significant fraction of baryons is not accreted by the galaxies due to large-scale shock heating of the gas. To consider this possibility we have computed a series of S models assuming that the evolution up to t = 5.37 Gyr is the same as for the L models, but after this time accretion stops for the S models. The S models accrete only 60% of the mass accreted by the L models (see Figures 2 and 3) .
The total mass accreted by the S models amounts to 7 × 10 8 M ⊙ , and since the baryonic mass at present is 4.3 × 10 8 M ⊙ , these models only require to lose 2.7 × 10 8 M ⊙ . In Figure 14 we present f gal , the ratio of the mass in baryons that remains in the galaxy to the total mass as a function of time. Fig. 14. -f gal , the ratio of the mass in baryons that remains in the galaxy to the total mass, as a function of time. In the upper panel we show two large infall models: Model 1L, without outflows, and Model 7L our best model that includes an early feedback. In the lower panel we show two small infall models: Model 1S with no outflows and Model 8S that includes an early feedback. Note that for Models 1S and 1L f gal ≡ f acc . Filled circles represent the observational data.
In general the S models predict higher enrichments in O/H and C/H than the L models (see Tables 3 and 5 ). Model 8S, the best model of the S series, requires a well mixed outflow with a duration of 4.0 Gyr at the beginning of the SFR; its O/H, C/H, and M gas values are 1.25σ, 1.4σ and 1σ higher than observed. Based on the chemical evolution models we favor the large-infall series over the small-infall one, particularly we prefer Model 7L over Model 8S.
If the effect of large-scale shock heating on gas accretion involves a fraction of baryonic matter smaller than that taken into account by the S se-ries models, it will be possible to build successful galactic chemical evolution models, intermediate between Models 7L and 8S.
Outflows
Several lines of reasoning indicate that O-rich outflows produced by gas rich irregular galaxies are unlikely. Carigi et al. (1995 Carigi et al. ( , 1999 , based on the C/O and O/H values for nearby irregular galaxies, have found that O-rich outflows have not played an important role in their evolution. A similar result has been obtained by Larsen et al. (2001) , based on the N/O versus O/H relationship. These results indicate that O-rich outflows do not play a major role in the evolution of irregular galaxies.
We think that in NGC 6822 the outflows, in the first few gigayears of evolution, very likely occurred because: i) in the past, in a hierarchical cosmology, potential wells of galaxies, for a given present-day mass, are shallower, and ii) strong star formation events are expected to occur because of the higher galaxy merger rate (e.g., Maller et al. 2005) . The star formation had to happen in bursts to propitiate an efficient blow-away process (Tenorio-Tagle et al. 2003) .
During the wind phase the outflow rate of Model 8S is equal to 3.13 times the SF R, while for Model 7L it is equal to 7.1 times the SF R. Martin (1999) estimates outflow rates from 1.7 to 4.8 times the SF R for nearby irregular galaxies with the smallest maximum H I rotation speed of her sample. While these values are similar to those required by Model 8S, they are smaller than those required by Model 7L. The observed outflow rates for outbursting nearby irregular galaxies seem to support Model 8S over Model 7L, but probably at the time of the formation of the galaxy the accretion and merging of smaller structures also propitiated larger outflow rates, it is beyond the scope of this paper to carry this discussion further.
Conclusions
We present 15 chemical and photometric evolution models for NGC 6822. All models evolve according to the mass assembly history of non baryonic mass predicted by a cosmological context. All of them match present-day photometric properties and the star formation history of this galaxy. To distinguish among them we have used five additional observational constraints: M gas , O/H, C/O, N/O, and Fe/O.
From the cosmological context adopted and our chemical and photometric evolution models for NGC 6822 we find that 1.54 < M total (10 10 M ⊙ ) < 4.0. The adopted mass for the 15 models presented in Tables 3 and 5 is 2.6 × 10 10 M ⊙ . Based on similar arguments, of the three MAHs considered, we adopt the mean MAH for all our models.
For the models of the large infall series, we have assumed that during accretion the universal baryon fraction is only reduced by reionization. For the models of the small infall series, we have assumed that accretion of baryonic matter is further reduced by large-scale gas shock heating. The best models of each series, Models 7L and 8S, produce a reasonable fit to the observational constraints, but Model 7L is somewhat better.
Models without well mixed outflows are not successful in reproducing the observational constraints because the amount of baryonic gas accreted by the galaxy is higher than the amount of baryonic matter derived from observations. Therefore we need the presence of an early feedback of well mixed material.
We find that O-rich outflows are not important in the chemical evolution of NGC 6822.
In order to comply with the presence of an early feedback, and the observed O/H and C/H values, we have computed our best model (Model 7L) that has an IMF with a lower m up than the IMF of the solar vicinity. That is the number of SN of Type II per generation of stars has to be smaller in NGC 6822 than in the solar vicinity. A lower value of m up for NGC 6822 than for the solar vicinity is in agreement with recent results on dwarf galaxies by others authors.
According to Models 7L and 8S and the observed Fe/O value the fraction of binary systems that become SNIa in NGC 6822 is lower than that in the solar vicinity.
The fractions of C produced by MS (m > 8M ⊙ ), LIMS (m < 8M ⊙ ), and SNIa amount to 60 -63%, 38 -36%, and 1 -2% respectively. On the other hand, in the solar vicinity, these values amount to 48%, 50%, and 2%, respectively.
The N/O values predicted by all our models are higher than observed, the discrepancy could be due to the N ionization correction factor adopted to derive the N abundance in H II regions and to the N stellar yields adopted by our chemical evolution models.
Further progress in modelling NGC 6822 can come if a more precise M total is determined, and if the issue about the large-scale gas shock heating is finally settled. L.C. thanks Gustavo Bruzual for instructing her how to use the GALAXEV code including a metal enrichment history, and is also grateful to Ted K. Wyder for several illuminating explanations about the star formation history of NGC 6822. P.C. thanks A. Kravtsov for kindly providing information about mass assembly histories in simulations. We acknowledge Octavio Valenzuela for valuable conversations and thank Vladimir Avila-Reese for helpful suggestions. LC's work is supported by CONACyT grant 36904-E. PC acknowledges support by CONACyT grant 36584-E. MP received partial support from DGAPA UNAM (grant IN114601). Obs.
1.98 ± 0.20 8.42 ± 0.06 -0.31 ± 0.12 -1.37 ± 0.18 -1.41 ± 0.10 a Extra 3.4 × 10 7 M ⊙ of primordial gas accreted at 13.0 Gyr.
b All the material expelled by Type II and Ia SNe during the last Gyr is ejected to the IGM.
c The upper mass limit for the IMF amounts to 60 M ⊙ . The fraction of binary systems that become SNIa amounts to 0.02. a Percentage of C in the ISM produced by different types of stars over a period of 13 Gyr. Obs.
1.98 ± 0.20 8.42 ± 0.06 -0.31 ± 0.12 -1.37 ± 0.18 -1.41 ± 0.10 a Extra 1.2 × 10 8 M ⊙ of primordial gas accreted at 13.0 Gyr.
b All the material expelled by Type II and Ia SNe during the last 2.5 Gyr is ejected to the IGM.
c The upper mass limit for the IMF amounts to 47 M ⊙ . Fraction of binary systems that become SNIa amounts to 0.02. d The upper mass limit for the IMF amounts to 60 M ⊙ . Fraction of binary systems that become SNIa amounts to 0.02.
